Context: Many synthetic bone materials have been introduced for repairing bone defects. Aim: The aim of this study is to comparatively evaluate the efficacy of nano-hydroxyapatite (HA) and nano-bioglass bone materials with their traditional micro counterparts in repairing bone defects. Materials and Methods: In this prospective animal study, four healthy dogs were included. First to fourth premolars were extracted in each quadrant and five cavities in each quadrant were created using trephine. Sixteen cavities in each dog were filled by HA, nano-HA, bioglass, and nano-bioglass and four defects were left as the control group. All defects were covered by a nonrestorable membrane. Dogs were sacrificed after 15, 30, 45, and 60 days sequentially. All 20 samples were extracted by trephine #8 with a sufficient amount of surrounding bone. All specimens were investigated under an optical microscope and the percentage of total regenerated bone, lamellar, and woven bone were evaluated. Statistical Analysis Used: Data analysis was carried out by SPSS Software ver. 15 and Mann-Whitney U-test (α =0.05). Results: After 15 days, the bone formation percentage showed a significant difference between HA and nano-HA and between HA and bioglass (P < 0.001). The nano-HA group showed the highest rate of bone formation after 15 days. Nano-bioglass and bioglass and nano-HA and nano-bioglass groups represented a significant difference and nano-bioglass showed the highest rate of bone formation after 30 days (P = 0.01). After 45 days, the bone formation percentage showed a significant difference between nano-bioglass and bioglass and between nano-HA and nano-bioglass groups (P = 0.01). Conclusions: Nano-HA and nano-bioglass biomaterials showed promising results when compared to conventional micro-particles in the repair of bone defects.
of lost bone and gingival tissues. [2] It has been shown that the use of bone graft significantly improves the outcome of periodontal treatments. [3] In order to regenerate bone, an ideal bone graft substitute should be biocompatible, bio-restorable, and osteogenic. [4] Up to this point, researchers have proposed different methods Repairing bone defects is an important part of prosthetic and periodontal treatments. Single tooth replacement and different fix restorations require sufficient bone with acceptable quality and quantity. [1] On the other hand, the ultimate goal of periodontal treatments is the regeneration oriGinal research for repairing bone defects. Autografts, xenografts, allografts, and alloplasts are the most common methods used in repairing bone defects; however, no conclusive results have been obtained about the superiority of one method over another. [5] The replacement of autogenous bone by synthetic materials has been a dilemma for clinicians. [4] It has been shown that autogenous bone grafts are the gold standard for the treatment of segmental bone defect but surgical morbidity, bone sources limitation, and the need for the second surgery have hindered their frequent use. [6] Also, the use of bone allografts has been suggested but probable, immunological responses restrict its use. [7] To overcome these problems, synthetic biocompatible bone substitutions became the most widely used procedure. These materials consist of calcium, phosphate, ceramics, and organic materials and they can provide a stable scaffold for appropriate bone response and subsequent bone repair. [8] It has been declared that at the very least, a bone graft material should be osteoconductive to promote bone regeneration. [9] Synthetic materials fulfill the goal of repairing smaller defects; however, they are not suitable for correcting extended bone defects. [10] Hydroxyapatite (HA) and bioglass are synthetic bone substitutes mostly used to repair bone defects. Their ability to accelerate bone repair have been proved in different studies. [11, 12] HA is the main component of the bone structure. Due to its biocompatibility and crystallographic structure, HA is used to produce a synthetic bone substitute. [13, 14] In the best cases, these biomaterials should be biologically degraded and replaced by a new regenerated bone. In Thomazin and Nandi studies, the efficacy of HA in the healing of bone defects was assessed. It was concluded that this material shows an acceptable capability in repairing bone defects. [15, 16] The main weakness of the earlier dense HA was that they could not be degraded and remodeled in the host. Therefore, disappointing results were seen when using porous block HA. [6, 17] As a result, nano-HA was introduced as a favorable alternative to other bone materials. Compared to traditional micro-HA, this material is highly biocompatible and biodegradable and it can be rapidly substituted by the host. [18] [19] [20] Besides HA, Bioglass (BG) is another bone substitute used for repairing bone defects. BG is a nonrestorable bio-ceramic, which has the ability of forming durable bonds with living tissues. [1] The capability of BG in promoting osseointegration and forming new bone in defects has been proved in different studies. [21, 22] These capabilities may be explained by ion release rates (Na, Ca) from BG surfaces, which can promote the proliferation and differentiation of bone cells. [23] In recent years, researchers have declared that nano-BG has superiority over micro-BG in repairing bone defects. [24] Because of the aforementioned capabilities of nanoparticles, these materials have changed the current trend in bone defect repairing. There are not enough animal studies with conclusive results regarding the efficacy of nanoparticles, and no study has investigated the effect of both nano-HA and nano-BG compared to micro-HA and BG. Therefore, the present study was designed to comparatively evaluate the efficacy of nano-HA and nano-BG with their traditional micro counterparts in repairing bone defects.
MATERIALS AND METHODS
This was a prospective animal study which was held in the Implant 
Animal model

Inclusion criteria
If age and sex conditions were according to the inclusion criteria then the animals were undergone the health examination test and finally four healthy male dogs, aged 1.5-2 and weighing from 32 to 46 Kg, were included in this study. If each of the animals become ill or encountered uncontrollable complications such as fracture they were excluded from the research program.
Anesthesia induction
Under the aseptic condition, initially, atropin 0.1% of 0.04 mg/Kg (Alfasan, Woerden, Holland) was injected to the animals subcutaneously. Then dogs were anesthetized using acepromazine 1% of 0.02 ml/Kg (Alfasan, Woerden, Holland) and ketamine 10% of 10 mg/kg (Ketamine HCL, Alfasan, Woerden, Holland) and were then maintained under general anesthesia by 5% of halothane (Halothane, Bp, Nicholas Piramal India Limited, India) and N20. First to fourth premolars were extracted atraumatically in each quadrant with the preservation of surrounding bone. After the surgeries, ceftriaxone 20 mg/Kg (Jaber Ebne Hayyan Pharmaceutical Co., Tehran, Iran) was used to prevent from the infection and tramadol 5 mg/Kg (Caspian Tamin Pharmaceutical Co., Guilan, Iran) to control pain. After 3 months, parallel periapical radiographs were taken by XCP film holders (Rinn Co., USA) to evaluate the healing of tooth extraction sites.
Material placement
After appropriate bone healing, infiltration anesthesia comprising 3.6 ml of lidocaine (Darou Pakhsh Pharmaceutical, Mfg. Co., Tehran, Iran) was placed in the mucobuccal fold. After a linear incision on the crestal ridge from molar to anterior segment, a full thickness mucoperiosteal flap was elevated by a mucoperiosteal elevator. Two defects with 5 mm of depth and 5 mm of diameter on the crestal ridge and three similar defects on the buccal surface of the ridge were surgically created using trephine #5. As a result, five defects in each quadrant and 20 defects in each dog were created. These 20 defects were randomly divided into 5 groups:
• HA group (Algipore, Dentsply Friadent, Mannheim, Germany) • Nano-HA group (new Nano, Isfahan University of Technology, Isfahan, Iran) • BG group (Novabone, Alachua, USA)
• Nano-BG group (new Nano, Isfahan University of Technology, Isfahan, Iran) • Control group.
The powders of the above materials were mixed with distilled water according to the manufacturers' instructions for each material, and they were then placed separately in different defects. Therefore, 16 defects in each dog were filled randomly by HA, nano-HA, BG, and nano-BG, and four defects were left as the control group. Then, all the defects were covered by a nonresorbable membrane (PTFE Whatman, Kent, UK).
The anesthesia induction steps and postoperative care were all as above.
Follow-up
The dogs were sacrificed at 4 time intervals (15, 30, 45 , and 60 days, each dog at each time point). 15 days after the surgery, a lethal injection of 40 ml of pentobarbital sodium at 100 mg/ml in 290 g/1000 ml of spilritus fortis, 100 mg/kg was given to one of the dogs. All the 20 samples were extracted using trephine #8 with the sufficient amount of surrounding bone. These procedures were also applied on other dogs at 30 , 45, and 60-day periods.
Specimens' analysis
Extracted specimens were kept in glutaraldehyde solution for 6 h. Longitudinal ground sections were then prepared using microtome (Accutom-50 , Stuers, Copenhagen, Denmark). The samples were then stained by hematoxylin and eosin stain and mounted on the histological lams. All stained specimens were investigated under an optical microscope (×40) (Zless, Germany) and the percentage of different types of regenerated bones (lamellar and woven) was recorded. The cross sections of specimens were surveyed by Adobe Photoshop 7.0 (Adobe Systems, San José, CA, USA). and the amount of the regenerated bone was re-evaluated to confirm data.
Statistics
Data analysis was carried out by SPSS software ver. 15 (SPSS Inc., Chicago, IL, USA) and Mann-Whitney test (α =0.05).
RESULTS
In the present study, four healthy dogs were selected. First to fourth premolars were extracted from each dog in each quadrant and finally five bony defects were created in each quadrant. Twenty prepared cavities in each dog were randomly divided into five groups. Sixteen cavities were filled by HA, nano-HA, BG, and nano-BG and four cavities were left unfilled as the control group.
Mann-Whitney test showed that the difference between nano-HA and nano-BG groups with the control group was significant in all the time intervals regarding the amount of bone formation (P < 0.01). Also, this difference was significant for BG at 15 and 30 days and for HA at 15, 30, and 60 days, compared to the control group.
The total amount of regenerated bone showed a significant difference between HA and nano-HA and between HA and BG after 15 days (P < 0.001). However, this difference was not significant between BG and nano-BG and between nano-HA and nano-BG (P > 0.05). It should be emphasized that the amount of regenerated lamellar and woven bone showed a significant difference between HA and nano-HA, and this rate was higher in the nano-HA group. Nano-HA group showed the highest rate of bone formation after 15 days.
After 30 days, it can be declared that nano-BG and BG and nano-HA and nano-BG groups revealed a significant difference in the amount of bone regeneration (P = 0.01), and that nano-BG showed the highest rate of bone regeneration. Also, the amount of lamellar and woven bones showed a significant difference as they were higher in nano-BG and nano-HA when compared to BG and nano-BG, respectively.
After 45-day period, the bone formation percentage revealed a significant difference between nano-BG and BG and nano-HA and nano-BG groups (P = 0.01) as nano-HA showed the highest rate of bone regeneration after 45 days. This difference was not significant between HA and nano-HA (P = 0.8) and HA and BG groups (P = 0.22).
After 60 days, the difference between HA and nano-HA, nano-HA and nano-BG, and HA and BG groups was significant regarding the amount of regenerated bone (P < 0.01). Although the difference of total formed bone after 60 days was significant between HA and nano-HA, there was no significant difference in the types of the regenerated bone (woven and lamellar, P value for woven bone = 0.42, P value for lamellar bone = 0.19). Also, nano-BG showed the highest rate of bone formation after 60 days compared to the other bone materials.
It should be emphasized that the mean amount of total regenerated bone reached to its highest rate after 30 days by the application of nano-BG. Tables 1-4 show the mean percentage of all the types of regenerated tissues in the four groups of biomaterials in 15, 30, 45, and 60 days of evaluation.
DISCUSSION
In the present study, the use of nanoparticles showed promising results compared to conventional micro-particles in repairing bone defects. In Götz et al. study in 2008, it was concluded that nano-porous HA materials show osteoconductive capacity and that they can be integrated to the host bone. [25] Nandi et al. in 2009 declared that BG blocks can enhance the bone regeneration in bone defects. [26] In another study, Huber et al. [27] compared the therapeutic effects of nano-HA pastes (Ostim) with solid HA ceramics (Cerabone) in the treatment of bone defects in rabbits. A uniform and rapid bone growth was seen following the use of Ostim. In Schwarz study in 2006, [28] different cases with intrabony defects around dental implants were investigated. Following the application of nanocrystalline HA and bovine-derived xenograft in combination with a collagen membrane (BDX + BG), all the bone defects were repaired and the pocket depth was reduced. [28] In Fathi and Doostmohammadi study, the superiority of nano-BG materials over traditional micro-particle in the treatment of bone defects was shown. [29] All aforementioned studies show that the use of nano-HA and nano-BG materials can promote the healing process of bone defects. In the first stage of bone healing, the bone matrix proteins can be attracted by nano-bone granules and a vascular rich protein matrix is formed. The osteogenesis then takes place on this matrix and the final bone is regenerated. Since nanoparticles provide a larger surface area, the rate of attracted proteins would be increased. This can explain why the use of nanomaterials can enhance the bone regeneration capacity compared to micro-particle. Also, the large surface area of nanoparticles causes them to act as biological materials [30] and therefore, the mechanical reliability and osseoconductivity of nanoparticles can be improved. [31] In the present study, there was a significant difference in the amount of bone formation after 15, 30, and 60-day periods between HA and the control groups. This result can be explained by osseoconductivity and biocompatibility of HA bone material, and it is in line with the results of Welch et al., [32] Den Boer et al., [33] and Kruse et al. [34] studies.
In Zamet et al., [35] and Nandi et al. [26] studies, the positive effects of BG on bone formation were shown. The bioactivity of BG is initiated exactly after it was mixed with saline or blood, [21] and this breaks down the silicon oxide bonds. As a result, silicic acid can be aggregated on the surface of the particles and it forms a negatively charged gel. As time elapses, calcium hydroxide is being formed on this surface to form a new apatite layer which initiates the bioactivity of BG. [1] These can be a good reason why the formation of new bone revealed a significant difference in BG after 15 and 30 days compared to control group. Also, it may be assumed that this bioactivity cannot play a significant role after 30 days since the difference between control and BG groups was not significant after that time.
Moreover, the bone formation percentage in the present study showed a remarkable difference at 30 and 45 days between BG and nano-BG groups and this rate was higher for nano-BG and BG after 30 and 45 days, respectively. It can be assumed that this difference goes back to the size of the particles as the particle size can play a determining role in breaking down the silicone oxide bond and forming calcium hydroxide.
It was shown that there was a significant difference between nano-HA and nano-BG materials after 30, 45, and 60 days in the amount of bone formation. This amount was higher in BG=Bioglass the nano-BG group after 30 and 60 days. Since bone-related genes are just affected by BG and the mechanism of HA bone material is just confined to matrix formation, it seems rational that nano-BG particles showed superiority over nano-HA particles.
Nano-HA particles are highly biodegradable and biocompatible compared to conventional micro-particles. [19] Also, nano-particles accelerate the substitution of biomaterials by vital bones [18] and they can induce the osteogenic differentiation of stem cells. [36] All of the mentioned capabilities can explain the significant difference seen between HA and Nano-HA in repairing bone defects.
The effect of nano-particles is highly dependent on their concentration. It was shown that particle overload can impede the osteogenic differentiation of mesenchymal stem cells. [36] So, it is recommended to investigate the effect of the concentration of nanoparticles on the bone regeneration capacity in future studies. Owing to the complexity of human tooth growth and development, the regeneration of a whole tooth structure, including enamel, dentin/pulp complex, and periodontal tissues, as a functional entity in humans is not possible given the available regenerative biotechnologies. The end goal of tissue engineering is to develop the products capable of healing diseased or lost tissues and organs; thus, representing a departure from conventional biomedical research, whose primary focus is an understanding of mechanisms. [37] 
CONCLUSION
Based on the results of the present study, it can be concluded that nano-HA and nano-bioglass biomaterials show promising results in repairing bone defects compared to conventional micro-particles. Since nanoparticles regenerated certain amount of bone faster than micro-particle, it seems rational that the use of nanoparticles reduces the healing time prior to prosthetic and periodontal treatments.
